Purpose: Hypermethylation of tumor suppressor gene promoters has been found in head and neck squamous carcinoma (HNSCC) and other solid tumors. We evaluated these alterations in pretreatment salivary rinses from HNSCC patients by using real-time quantitative methylation-specific PCR (Q-MSP).
Introduction
The use of molecular markers in body fluids for cancer detection has been explored with the intent to improve screening accuracy and cost effectiveness. Body fluids can potentially carry whole cells, as well as protein, DNA, and RNA species that allow for detection of cellular alterations related to cancer. Examples of relevant body fluids used for detection include: analysis of sputum for lung cancer diagnosis (1, 2) urine for urologic tumors (3) saliva for head and neck squamous carcinoma (HNSCC; refs. [4] [5] [6] ; breast fluid (7) . The feasibility of cancer detection in body fluids also opens the potential for surveillance after treatment. Molecular detection techniques have the potential to predict tumor recurrence before clinical symptoms or physical exam changes. This would then influence treatment choice and surveillance strategies.
An epigenetic pathway of transcriptional inactivation for many tumor suppressor genes (TSG) includes CpG island hypermethylation within promoter regions (8, 9) . This pathway has been identified in many different cancers and recent studies have focused on promoter hypermethylation in HNSCC (10, 11) . Promoter hypermethylation in tissue samples can be detected by using quantitative methylation-specific PCR (Q-MSP), this real-time PCR methodology allows a more objective, robust, and rapid assessment of promoter methylation status. The ability to quantify methylation provides the potential for determination of a threshold level of methylation to improve sensitivity and specificity in detection of tumor-specific signal (12) (13) (14) .
The detection of DNA methylation in body fluids also has the potential to distinguish high-risk subjects that harbor occult cancers and have a higher risk for development of cancer in urologic, lung, and other cancers. Our group has developed a panel for detection of HNSCC by evaluation of salivary rinses from these patients (15) . Here, we conducted a study to determine if a previously reported panel of promoter hypermethylation markers would correlate with clinical outcomes in prospectively studied patient cohort by detection of epigenetic changes associated with HNSCC in pretreatment salivary rinses.
Materials and Methods

Tissue samples
Samples were obtained from HNSCC patients presenting with a previously untreated squamous cell carcinoma from the oral cavity, larynx, or pharynx. Patients were evaluated and enrolled in a protocol from 1994 to 2003 in the Department of Otolaryngology-Head and Neck Surgery at Johns Hopkins Medical Institutions, Baltimore. Salivary rinse samples from these patients were collected before any cancer treatment, while the primary tumor was present. Patients were selected for candidacy for the study on basis of ability to provide adequate tumor sample, blood, salivary rinses, and availability for long-term follow-up. Salivary rinses were obtained by brushing the oral cavity and oropharyngeal surfaces with an exfoliating brush followed by rinse and gargle with 20 mL normal saline solution. Cellular material from the brushing was released into the saline rinse and centrifuged to obtain a cell pellet after supernatant was discarded.
The experimental protocol was approved by the Johns Hopkins Medical Institutions Institutional Review Board and informed consent was obtained from all enrolled subjects.
DNA extraction
DNA obtained from tumor, salivary rinses, and serum samples was extracted by digestion with 50 mg/mL proteinase K (Boehringer) in the presence of 1% SDS at 48 C overnight, followed by phenol/chloroform extraction and ethanol precipitation.
Bisulfite treatment
DNA from tissue samples was subjected to bisulfite treatment, as described previously (16) . Briefly, 2 mg of genomic DNA was denatured in 0.2 mol/L of NaOH for 20 minutes at 50 C. The denatured DNA was diluted in 500 mL of freshly prepared solution of 10 mmol/L hydroquinone and 3 mol/L of sodium bisulfite and incubated for 3 hours at 70 C. After incubation, the DNA sample was desalted through a column (Wizard DNA Clean-Up System; Promega), treated with 0.3 mol/L of NaOH for 10 minutes at room temperature and precipitated overnight with ethanol. The bisulfitemodified genomic DNA was resuspended in 120 mL of H 2 O and stored at À80 C.
Quantitative methlyation-specific PCR The bisulfite-modified DNA was used as a template for fluorescence-based real-time PCR, as previously described (17) . In brief, primers and probes were designed to specifically amplify the bisulfite-converted DNA for the ACTB gene and all genes of interest (primers and probes sequences are available on previous publication; 15). The ratios between the values of the gene of interest and the internal reference gene (ACTB), was obtained by Taqman analysis taking into account the PCR efficiency. Results were used as a measure of the relative quantity of methylation in a particular sample (value for the gene of interest/value for the reference gene Â 100). Amplifications were carried out in 384-well plates in a 7900 Sequence Detector System (Perkin-Elmer Applied Biosystems). Thermal cycling was initiated with a first denaturation step at 95 C for 2 minutes, followed by 45 cycles at 95 C for 15 seconds and 60 C or 62 C for 1 minute. Leukocytes from a healthy individual were methylated in vitro with excess SssI methyltransferase (New England Biolabs) to generate completely methylated DNA, and serial dilutions of this DNA were used for constructing the calibration curves on each plate. Each reaction was done in triplicate, the average of the triplicate was considered for analysis. Results for Q-MSP was analyzed considering the quantity of methylation (normalized by ACTB) and considering methylation as a binary event, in which any quantity of methylation in a sample would be considered as positive.
Target gene selection
Genes selected for this study, came from a study previously done by the authors to develop a panel for HNSCC detection in body fluids. The genes able to detect HNSCC in saliva rinse and included in this study were: DAPK, DCC, MINT-31, TIMP-3, p16, MGMT, and Cyclin-A1 (15) .
Translational Relevance
This manuscript details a promoter methylationbased assay panel, that is, independently associated with local recurrence and survival in head and neck squamous cell carcinoma. This assay panel may have utility in identification of patients at high risk for recurrence that may benefit from adjuvant therapy to reduce risk of local recurrence and intensive surveillance to detect recurrence at an earlier stage.
HPV analysis
Specific primers and probes have been designed to amplify the E6 and E7 regions of HPV 16 
0 . All the samples were run in duplicate. Primers and probes to a housekeeping gene (b-actin) were run in duplicate and parallel to normalize input DNA. Samples in which 2 results were not concordant were repeated twice in duplicate and were usually due to failed PCR in one of the initial reactions. Each reaction was run 50 cycles. By using serial dilutions, standard curves were developed for the HPV 16 viral copy number by using CaSki (American Type Culture Collection) cell line genomic DNA, known to have 600 copies/genome (6.6 pg of DNA/genome). Standard curves were developed for HPV 16 E6 and E7, using serial dilutions of DNA extracted from CaSki cells with 50,000, 5,000, 500, 50, and 5 pg of DNA. Standard curves were developed as well for the b-actin housekeeping gene (2 copies/genome), using the same serial dilutions of the CaSki genomic DNA. This additional step allowed for relative quantification of the input DNA level and final quantity as the number of viral copies/genome/cell. HPV copy number more than 0.1 copy/cell for tumor samples was regarded as positive. For saliva samples, any amplified sample with HPV E6 or E7 amplification with a control b-actin amplification of 10 ng was regarded as positive (18) .
Statistical analysis
Hypermethylation of each gene was treated as a binary variable (methylation vs. no methylation) by dichotomizing each gene at zero.
Descriptive analysis was done to show the distribution of the population and the statistical comparisons by using Fisher's exact test or exact c 2 test as appropriate. The survival analyses were done by using the KaplanMeier method and survival distributions were compared by using the log-rank test. The local disease control time was defined as the interval between the date of initial treatment and diagnosis of local recurrence. Patients experiencing death from all causes were considered as failures as well. Those who remained alive and did not have documented local recurrence were censored at their last follow-up. The overall survival interval was defined as the interval between the date of the initial treatment and death or last follow-up. The model building procedures involved the use of univariate followed by multivariable analyses. The Cox proportional hazards model was applied to assess the independent prognostic effect of the hypermethylation pattern by using the full panel (TIMP3, MGMT, MINT31, CyA1, DCC, DAPK, p16) in pretreatment saliva on local recurrence or death, with adjustment for potential confounding factors including HPV status, tumor site, pathologic T stage, nodal status, extracapsular spread, margins, lymphvascular invasion, perineural invasion, and postoperative radiotherapy. Adjusted HR were estimated along with 95% CI. The proportional hazards assumption was shown by creating a time-dependent covariate with the interaction of log (time) in the model for each covariate and testing its significance. As types I and II errors were of concern with these analyses, we made no adjustments for multiple comparisons (19, 20) . All tests were 2-sided with statistical significance determined at P value less than 0.05. The analyses were done with SPSS (version 15.0, SPSS Inc.).
Results
Sixty-one patients were included in this study ( (15) , the hypermethylation detection rate in pretreatment salivary rinses varies from 36.1% to 54.1% depending on the panel tested, with the highest value for the full panel (hypermethylation of at least 1 gene from the panel-54.1%).
Clinic-pathologic characteristics in this cohort of patients did not show any statistically significant difference across unmethylated and methylated pretreatment saliva DNA (Table 1) . However, we noticed a trend toward a higher proportion of lymphvascular invasion and lower proportion of patients with postoperative radiation therapy in the methylated cohort, albeit the differences did not reach statistical significance (Table 1 ).
The median follow-up period for this cohort of patients was 2.1 years (range ¼ 1 day-9.8 years). Recurrences as of this analysis occurred in 22 cases (36.1%), including local recurrence in 11 cases (18.0%); regional in 8 (13.1%) and distant in 8 (13.1%). Recurrences included 5 patients with multisite recurrences (8.2%). Local recurrences occurred in a median period of 15.7 months after initial treatment; with 81.8% of recurrences diagnosed before 2 years of follow-up.
Local disease control rate at 5 years was 77.4%, varying from 60.8% for cases with hypermethylation detected in pretreatment saliva rinses to 91.8% for the patients without hypermethylation (P ¼ 0.010; Fig. 1 ). Overall survival at 5 years was 52.5%, varying from 36.5% for cases with pretreatment saliva rinse hypermethylation to 70.1% for cases without pretreatment salivary rinse methylation (P ¼ 0.015; Fig. 2 ). For combined events (local recurrence plus death) hypermethylation in saliva was associated also with a worse prognosis (P ¼ 0.008; Supplementary Fig.) . In univariate analysis, tumor site was related to local control (P ¼ 0.002) in addition to saliva hypermethylation. For overall survival, advanced pT stage was associated with poorer prognosis (P ¼ 0.023; Table 2 ). Using the top 10 combinations from our previously reported gene panel, we found that all tested combinations showed Research.
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Multivariate survival analysis models showed that detection of hypermethylation in pretreatment salivary rinses remained as an independent prognostic factor for local recurrence (HR ¼ 12.2; 95% CI ¼ 1.8-80.6; P ¼ 0.010) after adjustment for the best-known prognostic factors (e.g., tumor site, HPV, nodal status, extracapsular spread, margins, lymphovascular invasion, perineural invasion, and postoperative radiotherapy). HPV was shown to be an independent prognostic factor for local recurrence as well (HR ¼ 23.1; 95% CI ¼ 2.8-189.0; P ¼ 0.003) and pT stage (HR ¼ 5.6; 95% CI ¼ 1.3-25.2; P ¼ 0.024). With the adjustment for the above noted confounders, the independent prognostic factors for overall survival were pT stage (HR ¼ 3.3; 95% CI ¼ 1.4-7.4; P ¼ 0.005), postoperative radiotherapy (HR ¼ 0.4; 95% CI ¼ 0.2-0.8; P ¼ 0.017) and hypermethylation in pretreatment saliva rinses (HR ¼ 2.8; 95% CI ¼ 1.2-6.5; P ¼ 0.016; Table 4 ).
Discussion
Aberrant promoter hypermethylation has been proposed as a means for detection of tumor-specific cells in body fluids and exfoliated cells in solid tumors, including HNSCC. In a previous study, we have evaluate a large sample size of both controls and HNSCC patients by using an expanded panel of methylated promoter regions to determine the ability of Q-MSP to detect tumor-specific promoter methylation in serum and salivary rinses. We used salivary samples obtained from rinses and brushing healthy individuals as normal control tissue to obtain a broad representation of epithelial cells from the upper aerodigestive tract. Given the sensitivity of the Q-MSP technique used to detect the presence of methylated alleles in a background of normal at a threshold of 1/1,000 to 1/10,000, this strategy allowed us to define methylated genes that were highly specific for tumor, and rarely or never present in any of the aerodigestive sites that shed cells in salivary rinses. From the initial screening of 21 genes for salivary rinses, ultimately 7 genes were selected as part of a panel to distinguish salivary rinses from HNSCC patients and healthy controls. A combination of 3 or 4 genes is able to provide a sensitivity of cancer detection ranging from 24.0% to 35.1% with a specificity ranging from 90.0% to 97.1% (21) .
Those findings confirmed that detection of tumor-specific promoter hypermethylation is feasible in body fluids (1, 5, 22) and the Q-MSP is well adapted into a high throughput format (12) (13) (14) .
In general, we were able to define a panel for HNSCC detection with a high specificity but accompanied by a low sensitivity. However, we were able to define panels with high sensitivity and low specificity, which have potential use for surveillance after treatment or in a high risk population. We decide to test the hypothesis that pretreatment salivary rinses may be associated with clinical outcome and evaluate the utility of our panel in predicting local recurrence in HNSCC patients. Righini and colleagues evaluated a cohort of 90 patients for the utility of methylation detection in saliva pre-and posttreatment, among the 22 patients suitable for followup. Hypermethylation on postoperative salivary rinses were analyzed, including 6 patients with recurrence. Among those, 5 patients showed hypermethylation in postoperative salivary rinses, only 1 case without recurrence showed methylation in saliva (23) .
In this study, the detection of hypermethylation in pretreatment salivary rinses was significantly related to local control and overall survival. Interestingly, hypermethylated HNSCC salivary rinses were not associated with tumor site or clinical stage and were noted to be an independent risk factor for local control and overall survival in the multivariate analysis.
The prognostic significance of hypermethylation in pretreatment salivary rinses is related to a higher concentration of methylated signal in exfoliated cells, independent of tumor stage or site, and therefore is unlikely to be related to tumor volume per se. However, there are multiple, possibly complementary explanations for this association. Aggressive tumors with poorer prognosis may undergo increased rate of mechanical dissociation or shedding into salivary rinses. Those tumors with a higher burden of epigenetic alteration would be more frequently detected in salivary rinses, and may have a more aggressive behavior. Other explanantions include the phenomenon of lateral clonal expansion, in which premalignant clonal patches expand well beyond primary tumor location, resulting in a larger surface area of epigenetically altered cells to shed into the saliva, and also may predispose to development of recurrent tumors from adjacent premalignant cells.
To further explore, the possibility that detection of promoter hypermethylation in salivary rinses may be due to detection of aberrant, clonal mucosal patches, we examined the correlation of gene-specific methylation in salivary rinses and primary tumors. We found that for 2 cases in which primary tumor showed no methylation, the corresponding salivary rinse did not show promoter methylation; for the 59 cases in which primary tumor was methylated, 33 (55.9%) presented with methylation of 1 or more methylated genes in the corresponding salivary rinse. We noted that a small proportion of salivary rinses displayed promoter hypermethylation without methylation of that specific gene in the corresponding primary tumor, ranging from up to 14% in the case of CCNA1, and less than 10% for all other genes (Supplementary Tables).
We also noted that the independent prognostic association of promoter hypermethylation with clinical outcome was based primarily on oral cavity cancers, which comprised the largest site of origin in this study. This is likely a reflection of the recruitment of patients via a surgical outpatient clinic, and a more definitive conclusion about the prognostic significance of salivary rinse promoter hypermethylation in oropharyngeal and laryngeal primary HNSCC treated with nonsurgical therapies would require a larger study enriched for these patient populations.
We were able to confirm an elevated rate of promoter hypermethylation detected in HNSCC patient salivary rinses by using a panel of gene promoters previously described as methylated in HNSCC but not in control subjects. In addition, detection of hypermethylation in pretreatment saliva DNA is associated with local recurrence. This has implication for further study about the mechanism of this observation but also may have practical applications for increasing intensity of surveillance, or using adjunctive therapy for local control in patients with promoter hypermethylation in pretreatment salivary rinses. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Disclosure of Potential Conflicts of Interest
